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PULL SCALE TIST3 OF CONCRETE BRIDGE RAILS 3UBJECTED
TO ;UTOLOBLILE TMPACTS
By
J. L. BEATON

Synopsis

During the first half of 1955 the Cslifornia Division of
Highways conducted a series of full scale tests of concrete bridge
barrier rails, a barrier rall and curb combination, and barrier
curbs without rails. This is the second report completed concerning
o series of tests of hipghway barriers wvhich heve been underway DY
Californis since 1953. The balance of the tests have conecerned
barrier curbs only. This report, supplemented by a motlon picture
record, covers the tests of the bridpge rails, and the rail and curb
combination. It was conducted by the haterials and Research Depart-
ment at the request of the oridge Department and Deslgn Department
of the California Division of Highways.

The object of this study vas to investigate the performance of
concrete bridge rails and barrier curbs when struck by cars travel-
ing at high speeds. This report covers one phase of a three part
study of highway barriers and deals only with the performance of

four trial designs ol bridge rails and one trial design ol a raill

%  dupervising Highway Engineer, Gelifornia Division of Highways.
Presented at the 35th Annual Meeting of the Highway Rgsearch
Board, Washington, D. C., January 17-20, 1956, ‘
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and curb combination. Other parts of the study deal with curbs only.
The rail and curb combination 1s one which has been used on the San
Franciseco Divigsion Street Interchange and several ofher structures 1in
California. Of the bridge rall trisl degigns only one, Trial Design
2, has been actually constructed in California. A similar rail is in
place on the Santa Maria River Bridge on California State Sign Route 1.

During 1953 the first phase of this study was made involving
full scale tests to determine the relative abilities of several trial
designs of curbing to serve as physical barriers or deflectors to
cars sbtriking the curb. In this first serles of tests the collision
car was driven by a test driver at relatively low speeds, the maximum
speed attained was 1,5 mph. The most recent series of tests inplude
bridge railing and also a further test on curbing where the test cars
were operated by remote radio control, and speeds between 50 and 60
mph. at time of collision were developed. Two of the collisions in-
volved in this bridge rail study, which were made at oblique angles,
were performed in cooperation wilth the Institute of Transportation
and Traffic Engineering at the Unlversity of California at Los
Angeles. The motion pictures of these two tests show two anthropo-
metric dummies sitting in the front seats of the cars. The phase of
the study involving effects on passengers represented by these
dummies will be covered by the Institute of Transportation and
Tpaffic Engineering, and no further reference will be included in
this report.

Complete analyses and conclusions from the over-all investliga-

tion of bridge railings and barrier curbs will be made at a later

date when an analysis and a correlation of the results from all three

phases of this program is completed.
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Considering primarily the data from the five impact tests covered
in thls report and the accompanying picture, the following conclusions
are made:

1. If & concrete barrier rail is constructed flush with the
pavement and without a curb between it and the traveled
way, then the rail should have a height of not less than
27 in.

2. If a "rubbing" curb is placed at the base of a barrier
rail so as to minimize the likelihood of scratching the
casual car driven too close to the rail, then such a
rubbing curb should project from the rail between 3 in.
and 5 in. If the curb prpjects more than 5 in., it will
act as a lifting ramp durgng high speed collisions.

3. Barrier rails which are used in combination with a cﬁrb
must be higher than when a curb is not present. In this
test serles only one bridge rail and curb combination was
used. In this combination the curb was 9 in. high and
the rail 34 in. above the top of the curb. The setback
from the -curb face to the rail face was 18 in. The
3l in., height seemed about the minimum that could be used
in this combination of dimensions. Since the height the
car will jump after striking a curb depends on many
factors, it will be difficult to establish a geries of
exact relationships. However, further analysis will be
performed in this area when the results of the barrier
curb tests are combilned with these of the bridge railing.

Many highway designers have raised the question as to the

application of these test results to the steel guard rail which is
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' used along the edge of many of our hlghways and in some cases is now
being used as a barrier in median strips. It i1s not assumed that
thege data collected from tests of relatively rigld barriers are

applicable to such steel guard rails.
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Introduction

The effectiveness of bridge railings to resist high speed
Impacts 1s 1ncreasingly important. This is due to the widespread
need and use of bridge structures in the design of modern freeway
facilitises and the continued and unprecedented increase in volume of
high speed traffic using such facilities. In many locatlons where
a barrier railing is needed, such as in a traffic interchange struc-
ture, it is also necessary that as little obstruction as possible be
placed in the driver's line of sight. The object of the test progran
roported by this paper is to provide certain facts concerning the
dynamics involved in the design of "rigid" concrete barrier bridge
railing and curbs so that such designs can more nearly serve the
needs of present day traffic. It was especially considered necessary
to obtain facts concerning the effect of curbs when combined with
barrier rails and also to determine the minimum height at which a
rigid rail would be sffective as a barrier.

This paper covers but one part of a three part gtudy which has
been conducted by the California Division of Highways into the
dynamics of highway bridge barriers. The first phase was made In
1953, and involved the full scale testing of several designs of
barrier curbing. In this first series of tests, the collision car
was driven by a test driver at speeds up to L5 mph. at relatively
low angles of collision. The object of this first series was To
select the most effective of eleven types of curbing as a barrier

and also to provide preliminary information so that refinement could

be made in future tests.

‘fﬂditional tests were needed to make specific recommendatlions
™,

for tae onsinn of more efficlent barrier curbs. These additional
~

uvntertaken during the carly part of 1955 and covered

-

™
\\

Y
gtudieg trerds
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o various shapes and helghts of highway bridge barrier curbing con-
structed of concrete or steel and combinations of these two materials.
This portion of the study has not yet been reported.

A% the same time a study was made involving the testing of the
five bridge ralls, Figs. 1 and 2, the results of which are covered
by this paper. Of the five tests covered in this report, two were
conducted in cooperation with the Instltute of Transportation and
Traffic Engineering of the University of California. The primary
objective of the Division of Highways is to cover the effectiveness
of these trial bridge railing designs in their action as barriers to
automobile impacts. The effect of the collisions on the vehicles and
the probable effect on the occupants of such vehicles as measured by
the effects on anthropometric dummies will be reported separately by
the University of California Institute of Transportation and Traffic
Engineering. The five trial designs of bridge railings which were
tested during this study were developed by the Bridge Department and
Headquarters Design Department of the California Division of Highways
and recommended by the two deparbtments for test. The tests were con-
ducted by the Materials and Research Department. The collision cars
used in this 1955 series of tests were driven by remote radio control.
This was to avoid hazard to a test driver due to the heavy impact
expected. The requirements of the test program were for speeds up
to 60 mph. and for collision angles up to 30 deg. with the rail.

It is realized that five tests may be considered a small sam-
pling on which to base decisions concerning the design of bridge rail-
ings. However, the selection of the number of tests and the procedures

2 followed for each test were influenced by a background of 200 slmilar
test collisions performed on barrier curbing, which assisted immeas-

urably in obtaining the maximum benefit from this phase of the study.
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Experimental Detail

Test Units

Figs. 1 and 2 show the cross sectional details of the five trial
designs of highway bridge rail units submitted for tests. The rails
were deslgned by the California Bridge Department to conform to AASHO
standard loadings.

Each trial design was prepared for a specific purpose., The pur-
pose of Degign 1, Fig. 1, wes to check the dynamic performance of a
barrier unit widely used by Californias Division of Highways especially
in viaduct construction. The roadway curb had already been tested (1)
and found efficient within the effectlve range of a 9 in. high curbing.
It was therefore only necessary to study the over-all actlon of this
rail and curb combination when subject to a high speed and angle
collision.,

The purposes of the four desligns shown on Fig. 2 were to deter-
mine the minimum height at which a raill would be effective as a
barrier and to determine the maximum distance a "top" rail could be
set back from a "rubbing" curb without the curb acting as a dynamic
lifting ramp.

Thirty feet of bridge ralling was used in each test. This was
rather a small target when viewed at an obllique angle by the driver
located in the remote control car; nevertheless it proved to be
gufficient in all cases. This was due to the remarkable functioning
of the remote control equipment and to the high degree of skill
attained by the two operators of the control equipment.

The test rails were prefabricated to exact dimensions in five
foot sections. Twenty-eight day test cylinders indicated the concrete
Yo vary in strength frém L700 to 5800 psi. for all test units.

Intermediate grade reinforcing steel was used throughout.

ChmorPD
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During the test collision perilod the preceast railing units were
bolted securely to an anchor block. The anchor block was a continuous
section of concrete 18 in. deep, 36 in. wide, and 30 ft. long. Each
railing unit was bolted to this anchor block by six 1 in. bolts spaced
in pairs at two foot centers as indicated on Figs. 1 and 2.

Test Site Layout

The layout of the test site and the position of various pieces
of eoguipment used during the test are shown on Fig. 3, titled, "Plan
View of Test Site". The westerly runway of the Sacramento County Alr-
port, located about 25 miles south of Sacramento, California, was used
as a site for'this experiment. The test was prepared by positioning
the trial railings along the easterly edge of one of the airport
runways about midway. This supplied about 1500 ft. of runway approach-
ing the rail from elther direction. The remote control operator
guided the crash car on its correct angle of collision by following &
strip of white tape supplemented by a length of white sash cord
fastened to the runway at the appropriate angle. A 15 ft. by 90 ft.
grid of 5 ft. squares was painted on the runway in front of and sym-
metrically about the test unit. This was to serve as a coordinate
grid to observe the position of the car during the frame by frame
analysis of the motion pictures of each test. Recording cameras and
observers were strategically placed so as to pleture all effects and

motions pertinent to the program. The positioning of the cameras 1s

shown on Fig. 3.
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o Test Automobiles

The following five automobiles were used as test cars: one 1949
Ford L- door sedan, three 199 Ford 2- door sedans, and one 19,46 Buick
- door sedan. The Fords were equipped with 6.00 x 16 tires, and the
Bulck with 7.60 x 15 tires.
Each of the cars was a standard stock model slightly modified in
the following manner: (Most of the modifications were made so as %o
provide remote control)
l, An electric remote steering motor equipped with a gear
box, shaft and pulléy, was mounted tS\the frame in the
front compartment as shown in Flg. L. Steering was
accomplished through 2 V belt drive to & larger pulley
mounted diréctly on the gtesring shaft. The tension of
the V belt was.adjusted Just to the polnt where the car
could be controlled, but the belt still could slip and
allow the steering wheel t¢ be turned easlly by hand.
This adjustment was necessary Po thgt on colllslon the
wheel would jerk aﬁay from conérol as nearly as posslble
in the same menner as it might from a human driver.
2. The braekes were modified by disoonneotiné the front set
and using only the rear wheel brakes., They were operated
by remote control through a vacuum booster with the
control valve connected to a rotary actuator.
3, The acceleration of the car was controlled remotely
through a rotary actuator linked to the throttle. The
top speed of the test car was preset and could be held
& within a one mile per hour tolefance by a flyball governor.
L. In order to provide powser and action for the remote control

devices in the automobile, the rear seat was removed and
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P six storage batteries and appropriate electronic
equlipment were shock-mounted in the rear seat and
trunk compartments of the car. Batteries were
mounted in a row directly behind the front seat,
and the electronic equipment was mounted in the
trunk compartment. This positioning is shown b&

Fig. &,

5. Due to the fact that these cars were also used during
the barrier curb testing portion of this investigation,
miscellaneous minor structural alterations were mads
S0 a3 to minimize repairs during this portion of the
program. These consisted of stiffening the front
frame members by welding on additional 1/L in. side
plates to the front two feet of the frame and also
welding a 2~ x 2- insh structural steel angle across
tﬁe frame directly under the front seat. This latter
was used primarily %o protect the undercarriage from
damage when the car slid over the curbs. In addition
the engine wasg snubbed tightly to the frame with a
cable so as to keep The clutch from disengaging when
the car struck the curbs. A comparison of actions
with and without this additional bracing during the
barrier curb tests indicated that no appreciable
external change in action occurred.

6. So as to attain the high speeds necessary for this
test in the relatively short space of 1500 feet, the

e motor of easch car was "souped up" as much as possible

without adding any special equipment. This generally
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consisted of a complete tuneup and removal of
milfler, alr filter and fan.

In addition to the above modifications, the two cars
uged during the cooperative test program with the
ITTE were further altered by removing the windshileld
glass and the door on the rider's side of the front
compartment. These changes were made so that high
speed motion pictures could be taken of the move-

ments of the dummies during the collision period.

CHirPD
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Remote Control Car

The radlo control equipment was mounted in a Chevrolet Suburban.
1t consisted of a radio transmitter, tone oscillators, and a remote
control panel (shown in Pig. 6). Power was supplied through a
gasoline driven electric generator mounted in the rear of the
Suburban. The remote control operator sat in the rider's seat of
this control car, and guided the test automobile from a position
to the left and rear of the test car. This position was maintained
by the driver of the remote control automobile. Remote operation
was not used to start the crash car or to engage the gears, there-
Tfore a pusher truck was used to initiate the action. As soon as
the car was underway, then the remote driver took over operation

and gulded it into dts collision.
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o Radioc Control

During 1952 this department performed a preliminary series of

crash tests on barrier curbs (1). In this series of tests the crash

cars were manned by an experienced test driver. To protect the
driver these tests were limited to a top speed of I 5 mph.

For the present study, higher speeds were necessary so as to
obtain the desired informetion and also to more closely simulate the
ectual highway conditions. For reasons of safety it was therefore
necessary to eliminate the human driver and substitute some form of
remote control. Several methods of remote control were considered.
Essentially, however, they reduced to two methods: (1) an electrical
connection, either by cable, fixed track or flexible trolley between
the crash car and the control car or (2) radio remote controd. All
of the electrical connection methods posed certain practical limita-
tions, so it was decided to use radio control. This posed many
difficult technical problems but solved the more complex operational
problems. While the radio control of model boats or airplanes is
rather comimonplace, it was soon discovered that to control a serles
of stock cars with enough precision to reach and hold a predetermined
speed on a gtraight course and strike a narrow target is something
quite different. This equipment was completely devéloped and con-
structed by the Division of Highways Laboratory through the use of
commerclial component parts. The operational plan indicated that
eight basic separabe control functions were necessary. These werse
(1) ignition on; (2) ignition off; (3) accelerator onj (L) accel-
erator off; (5) brake on; (6) brake off; (7) steer right; and (8)

steer leftT.

Tn order to be in conformance with the Federal Communicatlons

Commission regulations, only one radio carrier frequency could be

)
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ugsed, therefore it was decided to use tone signals for controlling
cach action. A set of reed oscillator controls with a matching set

of resonant reed relays was obtained to fulfill this requirement.
These reeds operate in & similar manner to electrically driven tuning
forks, and are inherently more selective than tuned inductors. A&
paramount operation requirement was that the relays would never Inter-
act with one another. To do this it was necegsary to alber the
oscillators and reeds by retuning them to musical chord intervals.

The basic units of the over-all control system are shown by the
block diagrams, Figs. 7 and 8.

In addition to the electrical and mechanical problems involved
in the remote control of the crash car, it was necessary to solve the
training problems involved in teaching a driver to operate an auto-~
moblle from a remote position. There were two parts of this problem
that were the most difficult to overcome. The first was learning that
because of the remote steering control mechanism, the car had lost
the ability to come out of a turn by iltself. Therefore, 1f it was
turned in one direction, it was necessary that a countercorrection
be made in the opposite direction to hold a straight course. The
other problem resulted from the operator's having no feeling of the
motion of the remote control car. In other words, he had a feeling
of motion from a car he was not operating rather than the car he was
trying to operate. I+ was therefore necessary to create a closer
contact bstween the operator and the crash car. This was done by
mounting a very short range handi-talkie radio in the crash car,
and rebrosdcasting the sounds within the collision automobile back
to the operator. In this manner he could hear what was going on,

and soon developed a new sensing technique. Two operators were uged

and each became exceptionally proficlenb.

~CIhPD
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All of the radio equipment was shock mounted. This shock
mounting was so efficient that the only difficulty encountered with
the equipment during an entire series of 56 collisions (51 on barrier

curbs) was one broken radio tube.
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o Instrumentation

Photographic and mechanical systems of instrumentation were used
to pecord all actions and reactions during the high speed collisilons
involved in thils test progrem. Moving picture cameras were placed as
shown and identified on Fig. 3. Camera No. 1 was a 16 mm. moving
picture camera with a 3 in. lens operating at slow motion speed of
6l frames per second. It was placed 120 feet in back of and normal
to the test railing. A cameraman panned this camera from a 15 ft.
high‘tower and picked up the crash car at a point about one lhundred
feet before collision and followed the car on through to its final
resting point. The purpose of thls camera was to record the side view
over-all action of the test car and also to show its exact position
both approaching and leaving the collision point by reference to the
coordinate grid painted on the pavement in front of the test railing.

Camersa No. 2 was a 16 mm. moving piecture cemera, with a 3 in.
lens, operating at a slow motion apeed of 6l frames per second. This
camera was operated from a fixed position about 3 feet above the
pavement and 85 feet in back of the point of collision. Its picture
angle was parallel to the test railing. The purpose of this camera
was to record the various contacts of the crash car from a pqsition
in back of the car. Cmmeras No. 3 and L were 16 mm. wmoving picture
cameras equipped with 1 in. lenses and operated at about 70 frames
per second. These cameras were placed in the position shown on the
site plan, Fig. 3, and were contained in welded steel turrets for
protective purposes. They were both operated by remote control.
Gamera No. 3 was operated from a position flush with the ground and

. directly in front of the point of collision. Camera No. l. was set
at a point about 2 feet above the surface of the ground and pointed

parallel to the test unit and directly into the point of collision.
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Tts purpose was to complement Camera No. 2 by recording the fronb
view of the over-all collision contacts. Camera No. 5 was a 35 mm.
still camera placed inside the crash car and focused on a gpeedometer.
This camera was operated by remote control from the radio control
truck, and its purpose was to record the speed at the time of colli-
sion. So that there would be no disturbance to the speedometer by
the collision, and also so that the changes due to acceleration could
be minimized, this picture was actually taken at the last possible
moment before conbtact. Additlonal cameras were used from time to
time to record various physical facts during the post-collision
surveys.

A special survey speedomeler was installed in the car and call-
brated. It was found to be accurate to * 1 mile per hour in the
range of speeds used for this test program. The outward sides of
the tires on the collision side of the car were painted with cold
water paint, the front tires red and the rear tires green. This
paint readily rubbed off onto the railing showing the tire contact
during the time of collision.

The above instrumentation was modified from time to time but as
given 1s about the average used during the five tests. For the two
tests made in cooperation with the ITTE, additional instrumentation
was used. This consisted of two high speed cameras, targets on the
erash car, decelerometers mounted on the crash car to record both
lateral and longitudinal deceleration during the crash period and two

completely instrumented anthropometric dummies.

CSHPD
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Test Procedure

The same procedure was uged for all five tests with the exception
of the two that were performed in ccooperation with the University of
California, Institute of Transportation and Traffic Engineering. In
these two tests the gsame procedure was followed insofar as the objec-
tives of the Division of Highways were concerned; the only medifica-
tions made were involved in preparing the crash car to accommodate and
place the test durnmies and to provide barrier protection for a high
speed camera that was located about 75 feet in front of the point of
collision, in line with the probable path the crash car would take
after ecollision. This modified procedure will not be covered in detall
in this report.

Immediately prior to each test crash the grid area in front of
the test rail was cleaned of all debris; and the angle of approach of
the crash car was delineated by fastening to the alrport runway, from
the proposed point of collision to the starting point of the crash
car, a marker consisting for the first 160 feet from the rail of white
webbed belting, and from the end of the belting to the crash car
sbout 1100 feet of white sash cord. The settings and operation of
sgch camera were then checked, and each camera was titled by identi-
fying the proposed test. This being done the test supervisor, obgserver,
remote control camera operator, and the operator of the No. 1 camera
located in the tower took their positions.

Meanwhile the crash car was being readied for the test by the
operations crew. The first step was to adjust the governor to the
desired test speed by a series of trials during which the operation
of the car was also checked. The crash car then was manually driven
into starting position and aimed along the approach line by the

operator of the remote control equipment. He would then change over

~ChirPD
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o the operation of the car from manual to radio control by activating
all of the electronic eguipment. By cooperating with the driver of
the radio centrol truck, each unit was checked for remote operation.
Lastly, the shutter of the speedometer camera was cocked, and the
crash car placed in high gear.

The remote control operator then %ook his position in the radio
control truck, and the pusher truck was driven into position behind
the crash car. When this preliminary work was completed, the remote
control operator signalled the test supervisor that the car was
ready. The test supervisor made a last minute check to see that the
observers, cameras and operators were in appropriate position, and
then signalled for the test to start. The cameras were started when
the crash car reached a point 100 feet in advance of collision and
were continued in operation until the crash car came to rest.

A11 physical data was recorded immediately after the collision.
This consisted of damage to the test rail, damage to the test car,
and measurements of contact prints of the front and rear wheels with
the test railings and a recording of the exit track or path taken

by the crash car from the test unit after collision.
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—~ Discussion

The results peculiar to each individusl test are discussed below,
The damage to the car, however, 1s not repeated for each test as it
was slmilar in every case. In general it consisted of:
1. Contact wheel crushed back into the frame from one to
two feet out of position.
2. "A" frames damaged beyond repair.
3. GContact side of frame bent out of line 6 to 18 in.,
opposite side bent 2 to 6 in.
L., Engine shifted sideways and back away from contact
gide L to 12 in.
5. Drive shaft misaligned.
6, Tie rod assembly distorted beyond repair.
7. TFront fender, headlight, bumper, and hood on contact
side crumpled beyond repair. Entire side of car on
contact side creased and scratched.
8. Body frame sprung so that doors no longer work
properly.

Bridge Barrier Railling Trial Desgign No. 1

The details of this rail and curb design are shown on Fig. 1.

A schematic diagram showing the general results ol the test of this
trial design is shown by Fig. 9.

Essentially this curb and rail combination consists of a 9 in.
high undercut curb, the purpose of which is to serve as a barrier to
low speed, low angle collision conbacts. It has been shown by
previous Tests (1) to be the most efficient of eleven other designs

- of curbing as a barrier at relatively low speeds and flat angles of
contact. Bighteen inches in back of this curb is placed a concrete

wall surmounted by a steel pipe rall together forming a barrier
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railing., It was the purpose of this test to observe the over-all
dynamic phenomena resulting from a high speed oblique collision.

The crash vehicle used in this test was a 1946 Buick sedan which
approached the test unit at an angle of 20 deg. and at a speed just
prior to collision of 50 mph. Physical measurements of the red and
green marks left from the contacts of the wheels with the test unit
showed that the car mounted the 9 in. high curb with little or no
sliding along the curb and then collided with and g1id along the rail
for 10 feet, then deflected off the raill and left the rall at about
a 2 deg. exit angle. The car came tc rest at a point about 150 feet
Trom the point of collision, at which spot it collided with a camera
barricade, Had it not been for this barricade, it is probable that
the car would have btravelled on for at least another 100 feet, swing-
ing slowly in the direction of the damaged Lfront wheel. The only
damage to this railing and curb combination was to the 5 ft. section
which bore the brunt of the collision. The concrete wall was pushed
back out of plumb 1/2 in. and diagonal cracking occurred in the con-
crebe running from the base of the concrete rail to the back heel of
the curb block. This is shown in the "After" view titled "Damage to
Bridpe Rail" on Fig. 9. \

Of importance in any discussion of this railing and curb combinea-
tion is a discussion of the motion picture analysis of another test
of a car going over a similar curbd without the railing. It was
interesting that at about the same speed and angle of collision as
used in this test the front contact wheel of the car appeared to
completely collapse and the clevation of the car body remained un-
changed until the car was about two feet (obligque distance) past the
point of collisiomn. Then the supposedly collapsed wheel regained

its approximate original shape and position during which process the
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—~ car sprang rapidly upward about two feet ag 1t continued on in a for-

ward direction.
Analysis of the motion piecture £ilm for this rail test showed

as expecied there was little immediate upward movement of the front
of the car as 1t passed over the curb. However, just prior to colli-
slon with the rail, the front of the car started to rige rapldly..
The maximum upward movement was about & in. Had the rail not been
present, this uvpward movement probably would have continued as was
witnessed in the test on the curb alone. Also had the railing been
placed further in back of the curb than it was, the upward movement
probably would have been more, perhaps enough to result in the car
overtopping the rail. The resistance to excessive upward movement
was probably offered by the forward pressure of the car against the
railing. The pipe railing at the top of this unit seemed to serve as
a slide after the complete car had been turned in a direction parallel
to the rail. It also served to prevent excessive tipping.of the car.
The pesults of this test indicated that the curb at high speeds
seprves as a dynamic fulcrum for the crash car. However, the rall
was close snough to the curb so that with a height of 33 inches it
could "eateh!" the car before it attained enough elevation to go over
the barrier.

Bridge Barrier Rail Trial Design No. 2

The physical details concerning the design of thls railing are
shown on Fig. 2, and the general tes?t results on Fig. 10. The pro-
posed use of this trial design was as one of four units to determine
the minimum holght to which a barrier rail could be built and still

= serve as a barrier when a barrier eurb was not involved, and also to
determine the maximum setback a "rubbing" curb could have without

acting as a lifting fulcrum dquring high speed collilisions. The sapecific
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use of this design was in the determination of the minimum barrier
height by a comparison of its effect with that of Trial Design 3.

The physical facts concerning this test are that the crash vehicle
was a 1949 2- door Ford sedan which collided with the test unit at an
angle of 30 deg. and a speed of approach of ;8 mph. The car crashed
through the railing demolishing a 9 ft. gsection, then passed on over
the test unit, leaving the collision point at a -5 deg. angle. It
came to rest at a point 70 feet beyond the point of collision.

Analysis of the motlon pictures shows that the most solid point
of collision occurred when the front end of the crash car frame con-
tacted the top edge of the rail. This caused an initial failure of
the concrete apparently in direct punching shear, probably highly
concentrated due to the unsupported edge of the railing slab. From
this point of beginning the failure seemed to progress rapldly as
further pressure was applied by the moving crash car.

To check the pogsibility of weak concrete, cores were taken from
the broken concrete specimens of this railing. They indicated the
concrete to have had a compressive strength of approximately L4800 1b.
psi. Test cores of the concrete taken of all of the bridge rails
indicated this to be about the average strength of the concrete in
all test units. This also checks the test cylinder data taken during
fabrication.

Analysis of the postcollision travel of the automobile indicafed
that in passing through and over the rail the car jumped about 3 feet
in the air and travelled through the air between 15 and 20 feet before
again touching the ground. The results of this test seem to indicate
that a bridge rail, to be effective as a barrler to high speed

collisions, should be higher than 21 inches.

“CIihPD
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Bridge Barrier Rail Trial Design No, 3

The design details of this railing are shown on Fig. 2. Two
tegt collisions were made on this same unit, the general results of
which are shown on Figs. 11 and 12. The Intent of these two tests
was to provide tests for comparison with the 30 deg. angle collision
with Trial Design No. 2 and the 20 deg. angle collision with Trial
Design No. 5.

In this wey the effect of height of & bridge railing could be
tested by a comparison between Trial Designs 2 and 3, which were
tested at the same angle 30 deg., and speed, L8 mph. Algo the effect
of setback between the face of the curb and the railing could be
tested by a comparison between Trial Designs 3 and 5, which were
tested at the same angle, 20 deg., and reasonably close to the same
speed, 55 and 50 mph respectively. At the same time a common base
for comparison of the over-all test results was provided by the two
different tests being performed on this same trial design.

The crash car for the first test of this series was a 1949 2~
door Ford sedan which collided with the test unit at an angle of
30 deg. and a speed of approach of 148 mph. The car glanced off the
rail at an exit angle of about 5 deg. and came to rest about 125 feet
from the point of collision. The car travelled in a stralght 1ine
for about 70 feet after collision, then turned to the right. This
turn was to the side of and caused by the front contact wheel, which
had been badly damaged. This swing in the direction of the front
damaged wheel was clearly shown only in this test because in the
other four tests the crash car collided with a camera barricade
before it had turned enough to be noticeable. It has been noted in

other oblique collision tests (1) that this movement is typical.
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Physical measurements of the red and green marks left from the
contacts of the wheels with the test unit are given on Fig. 15.

Analysis of the motion picture film indicates, in general, that
the over-all actions of the car as a result of the collision were
about the same at both the 20 deg. and 30 deg. angle of approach. The
contact wheels gave little indication of rising fron the pavement,
and only moderate tipping of the car was indicated.

At the 30 deg. angle of collision, there was a slight 1ifting
action of the front end of the body immediately upon collision, but
no further upward movement as the car passed on through the collision.
The tipping of the car was slightly greater for the 30 deg. angle of
contact in that the side of the car opposite from the collision
raised about one foot from the pavement during the 30 deg. angle con-
tact and only about nine inches for the 20 deg. approach angle

contact.

In addition to the normal iq?trumentation used for all of the
tests, the cars for these two tests were also equipped with mechanical
accelerometers, and high speed photography was used so as to aid in
micro~-motion analysis. The peak deceleration measured during these
crashes are shown on Filg. 15.

As 1llustrated in Figs. 11 and 12, the deformation remaining in
the raill wall after collision amounted to 2 in. out of plumb for the
30 deg. collision and 1 in. for the 20 deg. collision. The results
of these two tests indicste that a 27 in. high rail szerves as an
effective barrier to an ordinary car during high speed oblique
collisions.

Bridge Barrier Railing Trial Design No. 4

The design detalls of this barrier railing trial design are

shown on Fig. 2. The plamned purpose of this trial design was to

~CIlibPD
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study the effect of setback of the "rubbing" curb from the top rail
by comparisons between it and Trial Design No. 2, providing it had
been determined that 21 in. over-all height of rail was sufficient to
act as a barrier. The test on Trial Design No. 2 showed this helght
to be insufficient, therefore no tests were made of this Trial

Design No. L.

The effect of the additional setback, as noted by a comparison
of the results of the tests on Trial Designs 3 and 5, would have been
to raise the car slightly on impact. This would result in even
greater tendency for a car to surmount this Trial Design No. L than
Trial Design No. 2.

Bridge Barrier Railing Trial Design No. B

The design detalls of this bridge ralling are shown on Fig. 2,
and a schematic diagram of the over-all test results of this trial
design are shown by Fig. 13.

The purpose of this trial railing was to study the effect of
distance of rail setback from a curb by comparison with Trial Desilgn
No, 3 and also to provide data to study the maximum possible setback
that would not result in the curb serving as a lifting fulerum for =
car during high speed obligue collisions.

The crash vehicle used in this test was a 1949 2- door Ford
sedan, which approached the test unit at an angle of 20 deg., and a
speed just prior to colllsion of 50 mph. Physical measurements of
the markings left by the front and rear contact wheels of the test
unit showed a tendency for the front wheel to mount the curb. How-
ever, the rear wheel did not show any such tendency. The length of
contact of the front wheel with the test unit was about 9 feet.

The crash car deflected off the rail, leaving it at an exit angle

of about 2 deg. The car came to rest about two hundred feet from

CHPD!
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the point of collision. This after-travel, however, would probably
have been about two nundred and Fifty feet il the car had not collided
with a camera barricade, which was in its path of travel about one
hundred and twenty eet avway irort the point of collision. The car
alsco would probadbly have turned in the direction of the damaped front
wheel had it not been Tor this secondary collision. Typical damage
was done to the 10 in. wall setting above the curb. The test section
tnat bore the brunt of the crash was deflected permanently 1% in. out
of plumb and typical dlagonal cracking occurred at the basec.

Analysis of the motior picture film showed that the front end
of’ the car rose approximstely 9 in., but that there was little or no
raiging ol the back end of the car. There was but a slight tipping
action. The front wheel offside ol the collision rose about 9 in.
from the pavement, and the rear wheel about 1 inch. This test
differed from the 20 deg. oblique collision of Trial Design No. 3 in
that there was little or no ralsing of the contact wheel during the
collision contact with Trial Design No. 3. However, the tipping action
of the car during contact with Trial Design Mo. 3 was more noticeable
than during the contect with this Trial Degign No. 5. This latter
difference, of course, may also be due to the fact that this ftest of
Bridge Railing No. 5 was conducted at 50 mph., whercas that on Bridgo
Railing No. 3 was conducted at 55 niph. .

Motion picture analysis further reveals that the front contact
wheel of this vehicle was completely torn off on collision with the
curb. This was the only test unit on which this occurred. It appears
to have been caused by the wheel bending over the curb. Lacking
support from the wall, the wheel bent far enough to result in conmplete

Tailure.
The results of this test indicate that 5 in. is about the maxi-

juara that 2 curb can project from & rail without the lifting efTect
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of the curb affecting the over-all upward motion of the automobile

during the collision period. In other words the 1lifting force

created by the wheel raising is insufficient to overcome the resist-

ance created by the pressure of the car against the concrete, and

with the

5 in. setback this resistance is applied soon enough to

prevent any upward motlon.

General Observations

The

following secondary observations were made during this

series of tests. While these observations are not necessarily perti-

nent to the main objectives of the test program, they may be of some

help in asslisting the engineer to more clearly understand the dynamic

rhenomena inveolved during oblique automobile collisions with rigid

barriers.

1,

After each of thegse oblique collisions, the car left
the barrier at a relatively flat exit angle. This
angle varied primarily with the angle of collision.
The front wheel of sach of the cars invelved in an
obligue collislion with the barrisr rall was damaged
so badly as to be inoperable. The result of this was
that the car turned or hooked in the direction of the
barrier as soon as the vehicle slowed to the polnt
where the effect of the drag of the damaged wheel
made itself felt. This phenomenon could be important,
for instance, if a relatively high traffic accident
area were being protected by a barrier railing, and
the barrier were not extended far enough so as to
contain the car during its secondary hook.

While the essential purpose of this series of tests

was to study the effect of the geometry of bridge

ClibPD
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railings, nevertheless all railing structural
failures were recorded and have been reported.

It is interesting to note that each of the rails
failed to some degrse, even though all were
designed to AASHO loadings. Insufficient instru-
mentation was used during this test to accurately
determine whether or not such design loadings are
realistic. However, the failures do indicate that
the speeds and weights of the present day automobile
may justify a reanalysis of such design loadlngs,
especially in areas where the needs of traffic

indicate that a positive barrier is desirable.

~29-
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Summarx

This report covers five full-scale tests of concrete bridge
rails subjected to automobile impacts. These five tests were
Performed on four of the five bridge barrier rail trial

designs shown on Figs. 1 and 2. It was concluded that 1t was
unnecessary to test Trial Design No. I as it was subject to
analysis by application of the results on Trial Designs Nos.

2, 3 and 5. Fig, 15 is a surmmary of the physical facts as
determined from an analysis of the field measurements combined
with a frame by frame study of the moving pictures taken during
each test.

The test units, angles of collision, and apeeds of collision'
were selected only after a thorough analysis of some two

hundred full~-scale tests performed on highway bridge curbing.

It is therefore felt that while five tests may be considered

a limited sample, the conclusions can be judged as significant.
Insofar as we can learn, this is the first series of full-scale
tests in which remote radio control of an automoblle has been
used. The results of ﬁhis test prove this system for conducting
controlled automobile crashes to be adequate to yield reasonably

accurate realistic engineering data with a minimum of hagard to

test personnel.
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An analysis of the data collected during the five impact tests

of bridge barrier ralling performed during this study warrant the

following conclugions:

1.

If a concrete barrier rall is constructed flush with
the pavement and without a curb between it and the
travelled way, then the rail should have a height of
not less than 27 inches.

If a curb is placed at the base of a barrier rail and
the primary function of the curb is to minimize the
likelihood of scratching the casual car driven too
closely to the rail, then such a "rubbing" curb
should have a projection from the rail between 3 in.
and § in. If the curb projects more than 5 in., it
will probably act as a 1lifting fulcrum during high
speed collisions.

Barrier reails which are used in combination with a
curb, where the setback is greater than 5 in., must
be higher than when a curb is not present. DBecause
of the many variables involved, the exact relationship
between height of curb, setback of rail, and height of
rail is difficult to determine. However, further
analysis on this subject will be performed by the
Division of Highways using the data collected in this
series of tests performed on highway bridge curbing
alone.

In this series of five railing tests only one rail

and curb combination was used. It was Trial Design
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No. 1, which consisted of a 9 in. high undercut curb,

3L in., high rail, and an 18 in. setback. This combina-
tion gave excellent results. The 3l in. height above
the top of the curb of the rail seemed about the minimum
that should be used in this combination of dimensions.
Close observation of the moving plctures showing the
dynamic actions and reactions between the crash car

and the test railings indicates that the results of

this test on relatively rigic barriers should not be
considered as applicable to a flexible type of guard

ratl.
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Driving compartment of crash car
showing remote control apparatus.
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Figure 5. Remote control electronic equipment
mounted in rear trunk of crash car.

Figure 6. Remote control panel in remote
control car.
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Figure 1. Test colllslon shortly after
initial contact. Note recording
movie camera in foreground.
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